embedded tumor focus demonstrated unique patterns of banding as compared with the cryopreserved tumor and normal tissue DNA. Thus, intratumoral variability in genomic instability was observed. Comparison of intersimple sequence repeat polymerase chain reaction patterns of LCM DNA from adjacent foci of papillary and anaplastic tumors showed conserved genome alterations.
Conclusions:
At the genome level, thyroid tumors may be highly heterogeneous. The intratumoral histologic heterogeneity observed in thyroid neoplasms reflects genetically heterogeneous underlying tumor cell populations that are demonstrated by the observed differences in their rates and extents of genomic instability. The conserved genomic alterations in the microdissected papillary and anaplastic foci suggest intratumoral evolution, with transformation of a preexisting papillary tumor to anaplastic carcinoma. Surg. 2003; 129:96-100 T HE RAPIDLY lethal course of disease that occurs in individuals with a diagnosis of anaplastic thyroid cancer is in stark contrast to the usually indolent clinical behavior of differentiated thyroid cancer (DTC). It seems paradoxical that anaplastic tumors are believed to evolve from DTC. This intratumoral evolution has been termed anaplastic transformation. Despite multiple clinical, pathological, and experimental studies, evidence demonstrating this evolutionary process has been limited. We used intersimple sequence repeat polymerase chain reaction (ISSR-PCR) as a technique for evaluating histologically distinct but cooccurring anaplastic and papillary tumor foci, to provide experimental evidence demonstrating this intratumoral evolutionary process.
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REPORT OF A CASE
A 79-year-old white woman presented to our clinic with a 3-month history of progressive dysphagia and hoarseness. Her medical history was unremarkable, and she reported no previous exposure to radiation. A 7-cm mass involving the thyroid gland was noted on clinical examination. Indirect mirror examination showed paralysis of the right vocal cord. A computed tomographic scan demonstrated an extensive tumor of the thyroid gland, located primarily on the right side, that was encasing the esophagus and displacing the trachea (Figure 1 ). There was also evidence of neck nodal and lateral pharyngeal nodal metastases on the scan. Results of examination of a preoperative needle biopsy specimen were suggestive of papillary carcinoma. The patient un- derwent a total thyroidectomy, a right extended neck dissection, and a partial esophagectomy because of local tumor extension. She received radioiodine and external beam radiation treatments postoperatively. She refused chemotherapy treatment. She died 7 months postoperatively of brain metastases.
METHODS
TUMOR SPECIMEN
Fresh frozen specimens from histologically normal and tumor tissue were procured immediately after the patient underwent thyroidectomy. This tissue was obtained under the supervision of our institutional review board, and informed consent for participation in this study was obtained from the patient preoperatively. The tumor and normal tissue were stored at −70°C. Sections for routine morphologic examination were fixed in neutral buffered formalin (10% vol in water; pH 7.4) and embedded in paraffin. Hematoxylin-eosin-stained sections were reviewed to select appropriate areas for laser capture microdissection (LCM). The matching paraffin block was sectioned at 4-mm thickness, mounted on uncharged glass slides, and stained with hematoxylin-eosin.
LASER CAPTURE MICRODISSECTION
A laser capture apparatus (PixCell II; Arcturus Engineering, Mountainview, Calif) was used for the LCM, which was carried out on foci of anaplastic thyroid carcinoma and papillary thyroid carcinoma. Two thousand pulses with a laser diameter of 30 µm at 50 mW were carried out on each of these 2 tumor foci ( Figure 2 ). The LCM specimens were then digested for 12 hours at 42°C in 1-mg/mL proteinase K, 0.1% sodium dodecyl sulfate, and 100mM Tris hydrochloride, pH 8.0. The digested material was diluted to 500 µL with water and extracted with an equal volume of phenol-chloroform-isoamyl alcohol. The DNA was ethanol precipitated and diluted to 25 ng/µL for further analysis. DNA was extracted from the fresh frozen tumor and normal thyroid specimen as previously described.
1
THE ISSR-PCR
The ISSR-PCR is a technique for scanning the genome and amplifying sequences that are located between (but not including) microsatellites.
1,2 The ISSR-PCR 3Ј end anchored primer used was (CG) 4 RY. This primer was synthesized by the Roswell Park Cancer Institute Biopolymer Facility, Buffalo, NY, and end-labeled with ␥-phosphorus 32 ( 32 P)-adenosine triphosphate by T4 polynucleotide kinase. The amplification reaction was carried out in a 20-µL mixture containing 1µM primer, 50 ng of genomic DNA, and 0.3 U of Taq polymerase (Life Technologies, Inc, Bethesda, Md) in polymerase chain reaction (PCR) buffer (10mM Tris hydrochloride, pH 9.0, 2% formamide, 50mM potassium chloride, 0.2mM deoxynucleotide triphosphates, 1.5mM magnesium chloride, 0.01% gelatin, 0.01% Triton X-100). After initial denaturation at 94°C for 3 minutes, 30 PCR cycles were performed at 94°C, then 45 seconds at 52°C, then 2 minutes at 72°C, followed by a final 7-minute extension at 72°C. Five microliters of each PCR was then analyzed on a nondenaturing 8% polyacrylamide gel, buffered with 1X TBE (0.89mM Tris borate, pH 8.3, 2mM EDTA). Electrophoresis was then performed at 70 W for 10 minutes followed by 50 W for 4300 volt-hours. The gels were then dried and placed on film (Kodak XAR; Eastman Kodak Co, Rochester, NY) for overnight exposure. The assay was repeated 4 times to ensure reproducibility. The area of the gel examined represents PCR products below 500 base pairs. The ISSR-PCR using template DNA from fixed tissues fails to amplify products above that molecular weight.
RESULTS
The histopathological evaluation of the thyroid tumor showed extensive spindle features with focal squamoid differentiation consistent with an anaplastic (undifferentiated) carcinoma. Intermingled with the spindle cell areas were foci of papillary carcinoma (Figure 3) . The tumor showed extensive extrathyroidal extension with invasion of the surronding soft tissue and direct extension to the wall of the esophagus and the retropharyngeal space. Metastatic tumor was present in the retropharyngeal, paratracheal, and right cervical lymph nodes.
A representative electrophoretic analysis of ISSR-PCR products is illustrated in Figure 4 . In this analysis, the gross frozen normal thyroid tissue specimen and the gross frozen thyroid tumor specimen displayed identical banding patterns when compared with each other by means of a (CG) 4 RY primer. The LCM papillary tumor specimen showed an altered banding pattern that displayed 2 new bands relative to the gross specimens (bands B and C). The LCM anaplastic tumor specimen retained both of the additional bands that were present in the banding pattern of the LCM papillary specimen. In the LCM anaplastic specimen, band C exhibited decreased intensity when compared with the LCM papillary specimen. A third band, found in the gross tumor specimen, the gross normal tissue specimen, and the LCM papillary specimen, was lost in the LCM anaplastic specimen (band A).
COMMENT
It is not surprising that both patients and physicians fear the possibility that anaplastic transformation may occur in untreated DTC. Despite accounting for only a few thyroid tumors (1.6%), 3 anaplastic carcinoma is responsible for more than half of the 1200 deaths annually attributed to thyroid cancer in the United States. 4 With a mean survival ranging from 4 to 12 months and a 5-year survival rate ranging from 1.0% to 7.1%, anaplastic thyroid carcinoma ranks among the most lethal of all human neoplasms. [5] [6] [7] [8] These tumors are characterized by rapid growth and dissemina- tion. It is not unusual for tumor volume to double during a week of observation. 9 Approximately one half of affected individuals will have distant metastases present at the time of their diagnosis, 4, 6 and, despite tracheostomy, the most common cause of death in this population is suffocation caused by tumor obstructing the thoracic inlet. 10 Unfortunately, there has been little progress in the management and control of this thyroid malignancy. Current treatment strategies are multimodal and include surgery, radiation therapy, and chemotherapy. 4, [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Regardless of treatment, few patients with anaplastic cancer survive longer than 1 year. Reports of survival of these individuals beyond a year raises doubt of the validity of their diagnosis. 11 As well, in most survivors the anaplastic component of their tumor tends to represent an incidental finding on histopathological review of a specimen from surgery for other thyroid disease. 11 The relative rarity and rapidly fatal nature of anaplastic carcinoma have made it difficult to study both its underlying biology and its response to treatment. Currently, there are no good methods to predict which thyroid neoplasms will progress to anaplastic cancer. Through the development of an understanding of anaplastic tumor evolution and progression, an effective treatment for this aggressive disease may be developed.
The pathological association of anaplastic tumors with DTCs has led to the emergence of the concept of anaplastic transformation. [21] [22] [23] [24] [25] It has generally become accepted that the development of anaplastic thyroid cancer can be considered part of the natural course of untreated DTC. Approximately 2% of DTCs are believed to develop into anaplastic tumors. 10, 26 Clinical evidence suggesting the occurrence of anaplastic transformation of DTC can be appreciated in case series where the presence of a DTC component in an anaplastic tumor was found to represent a good clinical prognosticator. 20, 24 An associated DTC component may sug- gest that the tumor is at an earlier stage of disease progression. In a review of the 24-year experience in managing anaplastic thyroid cancer at our institution, Tan et al 19 showed that the presence of a DTC component did not have any value as a clinical prognosticator. While some investigators have described similar findings, 8 other groups have found a beneficial prognostic value of a coexisting DTC focus. 20, 24 Other authors have provided further clinical support for anaplastic transformation of DTC by suggesting that the fall in the reported incidence of anaplastic cancer is a consequence of increased aggressiveness in the surgical treatment of thyroid malignancies. 9 The cause of anaplastic transformation, or tumorigenesis, currently remains unclear. A number of oncogenes and tumor suppressor genes have been investigated and are believed to play a role in anaplastic tumor development. These genes have included TP53 (tumor suppressor gene), 15 bcl-2 (proto-oncogene), 27 cyclin D1 (oncogene), 28 ␤-catenin (gene is a key component of the Wnt signaling pathway), 29 c-myc (proto-oncogene), 30 Nm23 (metastasis suppressor gene), 31 and ras (oncogene). 32 Mutation of the TP53 gene, a tumor suppressor gene that encodes the P53 protein, has been best studied and is believed to play an important role in anaplastic transformation. 15 Although some genes involved in anaplastic tumor evolution have been identified, the underlying molecular basis for this process remains largely unknown.
The ISSR-PCR is a novel experimental tool that was developed to study molecular evolution in eukaryotic organisms. 33 It has also been used to quantify intrachromosomal genomic instability in thyroid cancer. 34 Stoler et al 34 were able to differentiate benign from malignant thyroid neoplasms by means of ISSR-PCR measures of genomic instability. By coupling this technique with LCM, ISSR-PCR can be used to study intratumoral genetic evolution. The results of ISSR-PCR in this case have demonstrated that the LCM focus of papillary carcinoma displays a similar but unique banding pattern, or genetic fingerprint, when compared with the gross tumor specimens. The LCM focus of anaplastic carcinoma displayed a fingerprint different from that of the gross tumor that shared 2 alterations observed in the papillary carcinoma focus. An additional band is uniquely lost in the anaplastic tumor. The simplest model for explaining these results suggests that intratumoral genetic heterogeneity is present in thyroid cancer. The LCM dissection has allowed for the very directed evaluation of intratumoral cellular subpopulations. The unique genetic makeup of these cellular subpopulations is not obvious in the grossly dissected tumor, where the banding pattern represents an overall average of the genetic changes present in the entire specimen. The presence of an overall similar banding pattern, with discrete differences, when the papillary tumor was compared with the anaplastic tumor (Figure 4 ), is consistent with anaplastic thyroid cancer evolving from a preexistent papillary tumor.
CONCLUSIONS
Our experimental findings have demonstrated that, with the use of an ISSR-PCR technique, the similarities between the genetic fingerprint of co-occurring anaplastic carcinoma and papillary carcinoma indicate an intratumoral evolution of anaplastic carcinoma from the papillary tumor. These findings are consistent with clinical, pathological, and experimental evidence from the current literature that also strongly suggests that anaplastic transformation from DTC does take place. This is the first report, to our knowledge, to describe use of ISSR-PCR to evaluate LCM DNA from archival paraffin-embedded tissue. This technique appears promising and warrants further evaluation. Currently, regardless of treatment, a rapid death is often imminent in individuals with a diagnosis of anaplastic thyroid cancer. Only through further study of the mechanisms that underlie anaplastic transformation will insights fundamental to the development of new and effective treatments emerge for this uniformly fatal thyroid cancer. 
